In current research on soft grippers, pneumatically actuated soft grippers are generally fabricated using fully soft materials, which have the advantage of flexibility as well as the disadvantages of a small gripping force and slow response speed. To improve these characteristics, a novel pneumatic soft gripper with a jointed endoskeleton structure (E-Gripper) is developed, in which the muscle actuating function has been separated from the force bearing function. The soft action of an E-Gripper finger is performed by some air chambers surrounded by multilayer rubber embedded in the restraining fiber. The gripping force is borne and transferred by the rigid endoskeleton within the E-Gripper finger. Thus, the gripping force and action response speed can be increased while the flexibility is maintained. Through experiments, the bending angle of each finger segment, response time, and gripping force of the E-Gripper have been measured, which provides a basis for designing and controlling the soft gripper. The test results have shown that the maximum gripping force of the E-Gripper can be 35 N, which is three times greater than that of a fully soft gripper (FS-Gripper) of the same size. At the maximum charging pressure of 150 kPa, the response time is 1.123 s faster than that of the FS-Gripper. The research results indicate that the flexibility of a pneumatic soft gripper is not only maintained in the case of the E-Gripper, but its gripping force is also obviously increased, and the response time is reduced. The E-Gripper thus shows great potential for future development and applications. 
Introduction
In contrast to rigid grippers, soft grippers are suitable for gripping fragile and delicate objects having irregular shapes and sizes owing to their high flexibility [1] [2] [3] . Therefore, soft grippers have become the focus of current research. Several mature products have been applied into automatic product gripping and handling systems gradually [4] [5] [6] [7] [8] .
Thus far, pneumatic actuation is one of the key research directions and applications for soft grippers. A fully soft starfish-like gripper has been developed by Harvard University and is fabricated from silicone rubber through photolithography and used for gripping objects of mass less than 100 g, such as eggs and guinea pigs, without damaging the object used in the bioscience research [9] . Several types of commercial soft grippers are manufactured by Soft Robotics Inc. (USA) and are used for gripping various fruit and light commodities in automatic production lines with a quick gripping response and a maximum gripping force of 500 g. A modularized soft gripper with embedded flexible curve sensors has been presented by Bianca S. Homberg at MIT. It was able to grip tools of mass less than 1 kg (gripping force of approximately 10 N) such as a tiny wrench or hammer [10] . A composite fluidic actuator with a circumferential fiber-reinforced structure has been studied at the Harvard Biodesign Lab. With the circumferential fiberreinforced structure, radial expansion could be effectively reduced such that the rigidity and gripping force can be increased [11, 12] .
Although current soft grippers have the advantages of flexibility and adaptability to irregular objects, they still have the general problem of an insufficient gripping force [13, 14] . Furthermore, the use of fully soft materials can result in some difficulty in the gripper operation. Soft materials lack rigidity, and this results in an insufficiency of the gripping force; in contrast, radial expansion occurs in a soft actuator when it is pressurized, which decreases the output efficiency. Therefore, it is crucial to enhance the rigidity of a soft gripper as well as the gripping force and decrease the unnecessary deformations in the research.
To solve the above-mentioned problems, a novel pneumatic soft gripper with a jointed endoskeleton structure (E-Gripper for short) has been developed by the authors. The actuation and force bearing functions of the E-Gripper are delegated to separate parts of the gripper. Then, not only can the flexibility and adaptability of the soft material be maintained, but the rigidity and gripping force are also noticeably increased. With the new E-Gripper, the practical requirements of flexibility and a large gripping force can be preferably met. The specific structure and characteristics of the E-gripper are introduced in detail here.
Design of the Novel Structure

Inspiration
The merit of a pneumatic soft gripper is that it is flexible, but its shortcoming is that it has insufficient rigidity and gripping force. Through careful analysis, it can be determined that the action of the pneumatic soft gripper is performed by the bending deformation of the soft finger, which is driven by air pressure. This means that the soft materials are used as the action performer owing to their flexibility. However, the gravity force of a product is also borne and transferred by the soft material when gripping a product. The two functions of actuation and force bearing and transferring are performed by the same soft materials. As is well known that the rigidity of the soft materials is inferior to that of a rigid mechanical structure when bearing and transferring the force. Hence, there exists an inherent shortcoming of insufficient rigidity in fully soft grippers. If a soft material is used for performing flexible action under air pressure while the force bearing and transferring is performed by another rigid structure, the shortcomings of insufficient rigidity and gripping force may be overcome. This means that if the two above-mentioned functions, which were originally performed by the soft material part alone, could be separated and respectively performed by two parts, a novel and promising gripper could be developed. This is the inspiration for our research. After testing several design schemes, a structure of a soft gripper with a jointed endoskeleton is presented. In the overall structure, the actuator is encased in the fingers of the gripper, which are fabricated using silicon rubber, and the flexible deformation action of the silicon rubber is actuated by air pressure, while a rigid endoskeleton is embedded in the inner chamber of the soft finger. The embedded endoskeleton is joined by basic units that significantly increase the gripping force. Thus, both the flexibility and sufficient gripping force of the soft gripper are realized.
Structure of the E-Gripper
Structure of the Finger
A schematic of a single finger joint of the E-gripper is shown in Figure 1(a) and (b) . The endoskeleton of the finger-joint is joined by endoskeleton units (1) and (2) at hinge (3) . The left and right end faces of a chamber are formed by two endoskeleton units (1 and 2), on which holes (6) are opened as the air inlet and outlet. The outer part of the endoskeleton comprises poured silicon rubber, which is used for sealing the chamber and actuating the finger. The circumferential fiber windings (4) are wrapped in the silicon rubber (5) to restrain the radial deformation of the finger joint.
The bending deformation of the finger joint is shown in Figure 1 (b). Owing to the restraint of the endoskeleton, when pressurized, the rotation action around the hinge axis would be generated with the stretching of the rubber layer in which there are no rigid parts. Thus, the finger joint is bent. The middle layer (4) is used for limiting the radial expansion such that the air energy can effectively be used for the bending action of the finger.
An entire soft finger with a jointed endoskeleton constituting multi-finger-joints is shown in Figure 2 . When assembling the finger, a smooth taper shape is formed from the fingertip to the finger root with a size that increases gradually [15] . An endoskeleton consists of 16 basic units that are hinged to form 15 finger joints in series. The finger joint can rotate from − 45° to 180° at the hinge joints. To increase the operation efficiency and realize a greater number of postures, the entire finger is divided into three independent finger segments that can be independently pressurized using different air pressures to control the bending angle.
The working process is shown in Figure 3 . Compressed air flows through the channels from the finger root to control three finger segments, and the air pressure is marked as p 1 , p 2 , and p 3 , respectively, for the three finger segments. Bending deformation occurs at each finger joint under the air pressure and the tension of the silicon rubber. The expected output bending angle and torque could be obtained. The total bending angle of the finger is the sum of each finger joint's bending angle, and the total output torque of the finger is the sum of each finger joint's torque. The design comprising three finger segments can reduce the response time. When the fingers touch an object to form an enveloping grip, the applied force is transferred to the bottom of the palm through the endoskeleton. As compared with the FS-Gripper, the gripping ability can be obviously increased in this case.
Overall Gripper Structure
The assembled E-Gripper with three fingers is shown in Figure 4 (a). The three fingers are evenly distributed on the circumference of the palm. The angle between the two adjacent fingers is 120°, and the angle between the axis of a finger and that of the palm is 35°. The palm is fabricated using a 3D printer and comprises flow channels passing to the fingers. The palm can be linked with a A finger with three segments and independent air charge are designed to obtain multi-degrees of freedom. If all the finger segments are respectively controlled, a greater number of postures could be realized in order to grip objects of different shapes and sizes, such as fruit and daily tools. When gripping tiny objects, the mode of fingertip gripping can be adopted. When gripping heavy objects, the mode of enveloping gripping with three charged segments can be adopted to increase the response speed.
Fabrication of the E-Gripper
Material Selection
Several materials are compositely used for fabricating the E-Gripper [16] . A light and rigid material should be used for the endoskeleton, such that fatigue damage owing to repeated bending can be avoided. PolyPlus TM (a polylactic acid material produced by Polymaker) is then used for fabricating the endoskeleton using a 3D printer [10] , which could meet the requirements. The actuating layer is fabricated using YZ FS6600 silicon rubber with a Shore-hardness of 10 A and an appropriate stretching property. Fibers are used for the embedded reinforced layer to limit radial deformation.
Fabrication Process
The E-Gripper is fabricated through modular components [17] . First, the basic units of an endoskeleton are linked at hinges ( Figure 5(a) ). Three air tubes are then embedded into the endoskeleton in order to control the different finger segments independently ( Figure 5(b) ). The soft actuating layer is casted in three steps. In the first step, one silicon rubber layer is glued around the endoskeleton according to the locating slot, while the seal ring is sealed at the intersection of the adjacent segments ( Figure 5(c) ). In the second step, the circumferential fiber is evenly wound on the surface ( Figure 5(d) ). In the last step, the outer silicon rubber layer is glued to form the finger ( Figure 5 (e)). Finally, the three fingers are connected to a palm to complete the fabrication of the E-Gripper ( Figure 5 (f )).
Mathematical Model
To determine the basic operating characteristics of the finger and gripper under air pressure, it is necessary to build develop a corresponding kinematic and mechanical model. Through the analysis of the mathematic model, the characteristics data such as the bending angle, response time, output torque, and gripping force under air pressure can be acquired to lay a foundation for the application of the gripper.
A soft finger can be treated as a system of n finger joints in series that share the same working principle. The mathematic model can be developed by taking one finger joint as an example. Then the entire finger is an N-linkage system [18, 19] .
The soft finger with the jointed endoskeleton is a coupled pneumatic system, which consists of a large nonlinear deformation and multiple materials. It is difficult to develop an accurate mathematic model. For the convenience of theoretical analysis and obtaining a solution, there following simplifications are made:
(1) The air supply is assumed to be stable and constant. (2) The radial deformation is negligible owing to the constraint of the circumferential fibers. (3) The stretch of the silicon rubber is uniform. (4) There is no friction between the adjacent joints. (5) The axial length and bending angle of a single finger joint are small while the radius of curvature is large. Thus, the altitude difference of both ends is ignored, and the finger joint is simplified to a model with a constant radius of curvature.
Strain Energy Function Model of Material
The strain energy function of silicon rubber is used for deducing the stress and strain [20, 21] . There are many types of strain energy functions. The Yeoh model is applied in this paper owing to its ability in simulating large deformations [22] . For the general principle stress of a uniform strain, the true principle stress σ i is where I 1 is the first principle invariant, I 2 is the second principle invariant, i are the principle stretch ratios, p 0 is an arbitrary hydrostatic pressure, and
When p is pressurized, the base of the finger joint only bends around the axis of rotation without extension because of the limitation of the endoskeleton. The bending angle θ and radius of curvature correspond to each finger joint. The radial stretch ratio 2 is assumed to be 1 because of the fiber restrained layer. The axial stretch ratio 1 is determined as . The silicon rubber layer stretches uniformly. The circumferential stretch ratio 3 can be determined from the ratio of the stretched and initial thicknesses. Then according to Eq. (4), the following is obtained.
where t is the initial thickness of the silicon rubber layer, and t ′ is the thickness of the silicon rubber layer after stretching.
From the Yeoh model, the strain energy function is expressed as where C 10 , C 20 , and C 30 are the coefficients of the primary, quadratic, and cubic terms, respectively, which can be obtained through calibration tests.
A vanishing stress is assumed in the radial direction ( σ 3 = 0 ), and the circumferential σ 2 is much smaller than the axial true principle stress σ 1 . Then σ 1 is considered to be the only nonzero principle stress, which is defined as σ. From Eqs. (2)- (3), the following is obtained:
Static Model of Bending
A static model of a single finger joint is derived to obtain the bending angle. The schematic of the model is shown in Figure 6 . As described in Figure 1 , the two endoskeleton units are simplified to obtain ones with nondeformable boundaries, which can only rotate around the (1)
axle of the joint, while the silicon rubber extends when pressurized. When bending deformation occurs under internal air pressure, there exists forces such as the tensile stress of the silicon rubber F θ and the acting force F p between the endoskeleton units. Accordingly, there is a balance among the torques around the axis of rotation. The torque generated by the internal air pressure acts as the driving moment M p , the torque generated by the stretching stress is the resistance moment M θ , and the torque of the acting force is 0.
The torque equilibrium can then be obtained as
The driving moment M p generated by the internal air pressure can be written as Next, the resistance moment M θ can be integrated in two parts.
From 0 to the height of h,
where L is the initial axial length of the finger joint model. Moreover, by introducing the strain energy function Yeoh model Eq. (7), the resistance moment can be expressed as A relationship between the input air pressure and the output angle can then be described using the simultaneous Eqs. (5)- (12):
By introducing the geometrical parameters (r, h, L, t) of the different finger joints, the bending angle of each finger joint can be obtained. Through testing, it is found that the deformation of each finger joint has little influence on the others. Thus, for each finger joint, only the driving moment M p and resistance moment M θ are considered.
A finger segment consists of five finger joints. Owing to the complete independence of each finger joint, a continuum robot system is built and each finger joint is regarded as a robot joint. The D-H method is used to develop the coordinate system shown in Figure 7 . XOY is the fixed reference system, and one coordinate system is fixed at each finger joint [23] .
The bending angle of a finger segment is where θ i is the angle of the ith finger joint, and θ j is the angle of the jth finger segment. The displacement transformation matrix of two adjacent coordinate systems is expressed as
where c i = cos θ i ; s i = sin θ i ; and L i is the length of the ith finger joint. Moreover, an arbitrary coordinate system relative to the fixed reference system XOY is where sin 1,i = sin(θ 1 + θ 2 + · · · + θ i ) ; cos 1,i = cos(θ 1 + θ 2 + · · · + θ i ).
Dynamic Model of Bending
A dynamic model is developed to acquire the dynamic response characteristics under pressurization. Finger segment j (Figure 2 ) is considered as an example for analysis. The finger segment is simplified to its equivalent in the form of one chamber. The values of the equivalent geometrical parameters ( r j , h j , L j , t j ) of the chamber are obtained, and the corresponding rotational inertia J j is calculated. The dynamical equation is where J j is the rotational inertia of the equiva lent chamber, J 1 = 0.025 kg · m 2 , J 2 = 0.035 kg · m 2 , J 3 = 0.048 kg · m 2 ; C is the viscous damping coefficient of the equivalent chamber, C = 0.1 N m · s/rad; and M j is the resultant moment of the equivalent chamber, N·m.
As mentioned above, the acting force between the joints has a slight influence on the bending of the chamber. Only the driving moment M jp and resistance moment M jθ are considered; then On introducing the parameters ( r j , h j , L j , t j ), M jp and M jθ can be solved using Eqs. (9)- (12) .
Considering that the silicon rubber is a material with a low thermal conductivity, while the duration of the actual charging and discharging process is short thus resulting in insufficient time to facilitate the heat exchange of the air between the chamber and surroundings. The thermodynamics process can be treated as a reversible adiabatic process (isentropic process). Consequently, the working process can be regarded as an insulation system with variable mass and volume [24, 25] .
According to the principle of conservation of energy, the conversion equation of pressure in the chamber is expressed as ( where κ is the polytropic exponent of the air. The relation between the volume of the chamber and the bending angle is where p is the pressure in the chamber, Pa; θ j is the bending angle of the chamber, rad; κ is the adiabatic exponent of air, κ = 1.4 ; R is the gas constant, R = 287.1 J(kg · k) ; T s is the temperature of the air source, i.e., room temperature of 298.5 K; Q ms is the influx mass flow rate, kg/s; and V j is the volume of the chamber.
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Moreover, the mass flow equations can be expressed as where c c is the air shrinkage coefficient, c c = 1.5 ; A s is the area of the air inlet; p s is the upstream pressure. The dynamic bending model of the soft gripper can be obtained according to Eqs. (17)- (22) . Owing to the complexity of the model, it is difficult to obtain an analytical solution. Therefore, the Runge-Kutta method in MATLAB is used for solving the multi-stage differential equations.
Mechanical Model of Enveloping Gripping
For different objects, different gripping modes can be used. One of the modes is the enveloping gripping with which the fingers can finely fit an object surface to increase the contacting area and friction force, as well as the gripping force [26, 27] . The enveloping gripping is analyzed and modeled as follows.
The output torque of a finger is first modeled. As mentioned above, the bending angle and output torque are only related to the actuation torque and drag torque of the silicon rubber. Let us assume that the finger has just touched the object at the bending angle θ and with pressure p. With p added, the angle and tensile stress are invariant, and the output torque M p can be expressed as where J T p can be expressed according to Eq. (9) . A simplified mechanical model of the enveloping gripping can be derived by referring to Figure 8 . The bearing force of each finger is equal to the normal pressure and (20)
friction force of the gripped object. The resultant force of the three symmetric fingers is equal to the gravity of the object. Hence, only one of the fingers should be analyzed. For one finger, the external torque M e generated by the normal pressure and friction force is where M N is the external torque generated by all the positive forces, and M f is the external torque generated by all the friction forces.
The torque generated by the normal pressure and friction force can be derived according to the number and location of the actual contact points [28] . That is, M N = J T N F N , and M f = J T f F f . According to the torque equilibrium, the output torque M p is then balanced with the external torque M e , and the torque equation is The normal force F N at the contact point is an active force and can be measured. The friction force F f is a passive force, which is uncontrollable and can only be evaluated through the increment of pressure and positive force indirectly [29] . These analysis results can aid in designing the gripper for gripping the object and in controlling the E-Gripper.
Testing for Characteristics and Gripping
An experimental platform was developed to test the working characteristics and gripping performance of the E-Gripper. Corresponding experimental schemes ( Figure 8 Force analysis of the enveloping gripping were designed to measure the bending angle, response time, and gripping force of the enveloping gripping when pressurized.
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Bending Angle
An experiment scheme (Figure 9 ) was designed to measure the bending angle based on data acquisition controller (Simulink software). The bending angle can be controlled via three independent proportional pressure valves, and using an industrial personal computer, 15 points were marked along the axis of the joint on the finger surface. The soft finger was set up horizontally with a fixed root and free tip. A high-definition television (HDTV) camera was used to capture photographs of the finger in real time. A photograph of the finger was captured every 5 kPa. The coordinates of the marked points were extracted and analyzed to obtain the bending angle of the three finger segments. The relationship between the input pressure and bending angle was then determined.
The strain-stress curve of the silicon rubber PS6600-10A was measured via a tensile test [29] . The coefficients of the Yeoh model were obtained (C 10 = 4.94×10 -2 ,
, and C 30 = 4.41 × 10 -2 ). The bending angle of each chamber was calculated through MAT-LAB software according to the mathematic model. The curves of the bending angle of the fingertip are shown in Figure 10 . The variation trend of the theoretical data is consistent with that of the experimental ones. When the input pressure is below 100 kPa, the theoretical curves coincide well with the experimental one. However, when the input pressure is greater than 100 kPa, the theoretical curves are above the experimental curves. This is because the silicon rubber presents a high nonlinearity at a large deformation.
To quantitatively compare the theoretical values with the experimental ones, the relative difference is defined as where d p , θ A , and θ E are the relative difference, theoretical bending angle, and experimental bending angle, respectively.
The values of the relative difference are summarized in Table 1 . It is found that the maximum difference is less than 9% with a maximum working pressure of 150 kPa. This indicates that the mathematic model of the bending angle is valid.
Response Time
In industrial applications, a shorter response time is expected, and thus, the working cycle could be shortened. However, a normal pneumatic soft gripper often has a long gripping response time because of the rubber's deformation delay and the flow resistance. Therefore, a structure of three finger segments is designed, which (26) can be simultaneously charged to decrease the gripping response time. For this purpose, the corresponding measurements were obtained. At first, the response time of each finger segment was measured. A solenoid directional valve with a high response speed was used to control the air charging and discharging. A laser displacement sensor was considered to follow the motion of the finger segment to obtain the response time. The open response time of the directional valve can be ignored because it is much shorter than that of the finger. The testing schematic is shown in Figure 11 .
The curves of the theoretical calculation and measured response time of each finger segment are shown in Figure 12 . The theoretical curve is essentially fit with the measured one. Although the theoretical values are a little larger than measured ones, but the relative error is still small. It can be seen that with the smallest volume of chamber at the tip the first finger segment has the shortest response time while with the largest volume at the root the third finger segment has the longest response time.
The response time data of the E-Gripper with three parallel finger segments and the FS-Gripper of the same size with a single segment are listed in Table 2 . Under different working pressures, the response time of the E-Gripper is between 66 ms and 321 ms, while that of the FS-Gripper is between 253 ms and 1.4 s. The response time of the E-Gripper is 187 ms faster than that of the FSgripper at 30 kPa and is 1123 ms faster than that of the FS-gripper at 150 kPa. This indicates that the response time of the E-Gripper is much faster than that of the FSGripper, especially under high pressures.
Gripping Force and Object Gripping Demo
Gripping Force Measurement
Gripping force is an important parameter of a gripper.
The new E-Gripper is embedded with the endoskeleton, which could increase the gripping force while maintaining flexibility. In order to compare the gripping force of the FS-Grippers with that of the E-grippers, a measuring system was developed as shown in Figure 13 . An air cylinder was used as the quantified loading device, and an aluminous sphere of 180-mm diameter was used as the reference object. One end of a tension sensor JHBM-10 kg was connected on the bottom of the sphere, while the other end was connected with the cylinder. Four proportional pressure valves were used to control the gripping movement and the loading force of the cylinder. At the beginning of the test, the tension sensor and sphere rose to the marked workspace driven by the cylinder. Three finger segments were inflated using the same working pressure from 0 kPa to 150 kPa through proportional pressure valves. A downward-moving loop of the cylinder was switched every 10 kPa. Meanwhile, a first-order signal was sent to the proportional pressure valve 10 to increase the pressure slowly until the sphere separated from the gripper and moved downward. The data of the tension sensor were acquired by computer in real time.
The variation of the gripping force with the working pressure is shown in Figure 14 . It can be observed that the enveloping grip of the sphere is accomplished at approximately 43 kPa, where there is a minimum gripping force. Furthermore, the gripping force has a quasilinear relation with the input pressure, which provides the theoretical foundation for the control of practical gripping. From Figure 14 , it can also be observed that the largest gripping force can be 35 N, i.e., the mass of the gripped object is approximately 3.5 kg at the maximum working pressure of 150 kPa. The gripping force of the E-Gripper is 3.5 times greater than that of the FS-Gripper mentioned in Ref. [10] .
We inferred that, by means of the endoskeleton, the maximum gripping force of the E-Gripper is significantly increased because the gripping force is directly transferred to the palm through the endoskeleton instead of the soft actuator.
Object Gripping Demonstration
The E-Gripper can be used for gripping objects of different shapes and sizes. Photographs of the E-Gripper when gripping several objects are shown in Figure 15 . An aluminous sphere, a cloth doll, and a glass bulb are chosen as the heavy, soft, and fragile objects, respectively, for the gripping demonstration. The experimental results showed that the heavy sphere, soft doll, and fragile bulb can be effectively gripped by the E-Gripper, which indicates that both high flexibility and a sufficient gripping force are obtained. The E-Gripper can be qualified in practical operation.
Conclusions
To solve the problem of the mutual restriction between the flexibility and gripping force in a pneumatic gripper, an innovative design of the structure of a soft gripper with separate functioning parts has been developed. The achievements of this research are summarized as follows:
(1) A novel pneumatic soft gripper with a jointed endoskeleton structure (E-Gripper) is developed, in which, the actuation and force bearing functions can be separated. The bending action of a finger of the E-Gripper is performed by the soft rubber with an embedded radial-restrained fiber through pneumatic actuation, while the gripping force is borne and transferred by means of the jointed endoskeleton. Thus, the inherent limitation of the FS-Gripper whereby the actuating and force bearing functions are undertaken by the same component can be overcome by the new E-Gripper. The gripping force can then be increased, and a high flexibility can be maintained. (2) The modeling and analysis of the kinematic and mechanical characteristics of a finger of the gripper are performed. The relation between the bending angle θ i and input pressure p and that between the output torque and positive pressure as well as the friction force are acquired. From the theoretical analysis and the measured pressure-angle displacement curves, it can be observed that the gripping force has a quasi-linear relation with the input pressure within the rated working pressure (approximately 150 kPa), and the gripping force also has a quasi-linear relation with the input pressure after touching the gripped object. The variation laws have provided a valuable foundation for the design and operation of the E-Gripper. Moreover, the structure of three finger segments with parallel air supply has increased the response speed and provided more flexible controlling modes for gripping objects of various shapes and sizes. (3) Experiments indicate that the maximum gripping force of the E-Gripper is up to 35 N with the rated working pressure of 150 kPa, which is 3.5 times greater than the gripping force of 10 N of the FSGripper that is reported in the extant literature. Moreover, the response time of the E-Gripper is 1.123 s faster than that of the FS-Gripper of the same size at a pressure of 150 kPa, which aids in shortening the working cycle and increasing the efficiency in practical operation.
The research results indicate that the design of the structure of the novel pneumatic soft gripper with a jointed endoskeleton is successful and the E-Gripper has great potential for future development and application.
